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by superimposition of loads under different frequencies is introduced.

Bend specimens of high-strength pressure vessel steel were tested in bending fatigue to failure at 1.5, 15, 30, and 75 Hz fatigue loading
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Experimental and theoretical investigations were made for swage autofrettaged partially plastic ASTM A723 steel cylinders with
an outside diameter (OD) to inside diameter (ID) ratio of 2.75 and 74 percent overstrain. Residual stress radial distribution
and angular stress distribution around the bore were analyzed using two position-sensitive x-ray diffraction stress analyzers.
Theoretical calculation was made by implementing an interactive, terative Lotus Works spreadsheet residual stress model on
an IBM PC. The model was based on the classical solution to the elastic-plastic deformation problem of a symmetric thick-
walled cylinder under internal pressure, including reverse yielding effect. Angular stress distribution data at the ID and OD
indicated that non-axisymmetric deformation had occurred during yielding of the cylinders. Excellent agreement was obtained
between experimental results and theoretical predictions, including the Bauschinger effect near the bore. By comparing
experimental data with theoretical calculations for the 74 percent overstrained cylinders, the Bauschinger factor for the A723
steel was determined to be close to 0.5. Residual stress analysis for the entire cylinder is suggested in the future.
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A 155-mm M284 breech ring assembly was being laboratory fatigue tested when an earlier-than-expected malfunction incident occurred.
The subject breech ring, Serial No. 1659, was the sixth to be tested out of a population of six. The previous five breech rings tested
possessed fatigue lives ranging from 4444 to 6214 cycles-to-failure (Ny). This particular ring, tested under the same conditions as the
previous five rings, failed in a brittle fashion after only 109 cycles. Mechanical and fracture toughness testing of Serial No. 1659 revealed
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An adaptive finite element method is developed to solve initial boundary value problems for vector systems of parabolic partial
differential equations in one space dimension and time. The differential equations are discretized in space using piecewise linear
finite element approximations. Superconvergence properties and quadratic polynomials are used to derive a computationally
inexpensive approximation to the spatial component of the error. This technique is coupled with time integration schemes of
successively higher orders to obtain an approximation of the temporal and total discretization errors. These approximate errors
are used to control an adaptive mesh refinement strategy. Refinement is performed in space, time, or both space and time
depending on the dominant component of the error estimate. A computer code coupling this refinement strategy and stable
mesh movement has been written and applied to a number of problems. These computations confirm that proper mesh
movement can reduce the computational efforts associated with mesh refinement.

14. SUBJECT TERMS i 15. NUMBER OF PAGES
Parabolic Differential Equations, Adaptive Finite Elements, Superconvergence, 51

Error Estimation, Mesh Refinement, Mesh Movement 16 PRICE CODE

17. SECURITY CLASSIFICATION ]18. SECURITY CLASSIFICATION | 19. SECURITY CLASSIFICATION | 20. LIMITATION OF ABSTRACT
OF REPORT OF THIS PAGE OF ABSTRACT
__UNCLASSIFIED UNCIASSIFIED 1 UNCIASSIFIED 1611
NSN 7540-01-380-5500 Standard Form 298 (Rev 2-89)
. : 57 Prescribed by ANSI S*g [39-°8

2498182



REPORT DOCUMENTATION PAGE

Form Approved
OMB No. 0704-0188

Public reporting burden for this collection of information «s estrmated to average 1| hour oer r2sporse, INCIUGING the Time fOf reviewing IAStrLiT £75, $@ATC™ ~g 21 51 13 8313 50urces,
gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments r i
collection of information, including suggestions for reducing this burgen, to Washington Headquarters Services, Directorate for informaticn Coerations ana Rencrts, 1215 s2fterson
Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Otfice of Management and Budget, Paperwork Reduction Project (0704-0188), Wasn ~gten. C 25503

argirg this burcen 25t mate or ary Ither aspett of tni

1. AGENCY USE ONLY (Leave.blank)

2. REPORT DATE
September 1994

Final

3. REPORT TYPE AND DATES COVERED

4. TITLE AND SUBTITLE
ADAPTIVE FINITE

ERROR ESTIMATION

ELEMENT METHOD II:

S. FUNDING NUMBERS

AMCMS: 612624H191.0

6. AUTHOR(S)

J.M. Coyle and J.E. Flaherty

U.S. Army ARDEC

Watervliet, NY 12189-4050

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)

Benét Laboratories, SMCAR-CCB-TL

8. PERFORMING ORGANIZATION
REPORT NUMBER

ARCCB-TR-94034

U.S. Army ARDEC

Close Combat Armaments Center
Picatinny Arsenal, NJ 07806-5000

9. SPONSORING /MONITORING AGENCY NAME(S) AND ADDRESS(ES)

10. SPONSORING / MONITORING
AGENCY REPORT NUMBER

11. SUPPLEMENTARY NOTES

e ——————————————————————————————et
12a. DISTRIBUTION / AVAILABILITY STATEMENT

Approved for public release; distribution unlimited

12b. DISTRIBUTION CODE

13. ABSTRACT (Maximum 200 words)
An adaptive finite element method is developed to solve initial boundary value problems for vector systems of parabolic partial
differential equations in one space dimension and time. The differential equations are discretized in space using piecewise linear
finite element approximations. Superconvergence properties and quadratic polynomials are used to derive a computationally
inexpensive approximation to the spatial component of the error. This technique is coupled with time integration schemes of
successively higher orders to obtain an approximation of the temporal and total discretization errors. Computational results
indicate that these approximations converge to the exact discretization errors as the mesh is refined.

S . . . .
! asr%%"oshcg &gg‘mnnal Equations, Adaptive Finite Elements, Finite Differences,
Superconvergence, Error Estimation, Error Decomposition

15. NUMBER OF PAGES
25

16. PRICE CODE

17. SECURITY CLASSIFICATION
OF REPORT

UNCLASSIFIED

18. SECURITY CLASSIFICATION
OF THIS PAGE

UNCLASSIFIED

19. SECURITY CLASSIFICATION

OF ABSTRACT
UNCILASSIFIED

20. LIMITATION OF ABSTRACT

UL,

NSN 7540-01-280-5500

58

Standard Form 33 ‘Rev 2-89)
Srascrped by ANS st (33-'8
238-102




'

'REPORT DOCUMENTATION PAGE

Form Approved
OMB No. 0704-0188

Public reporting burden for this collection of information 15 estimated to average ® hour per response, including the time ¢cr re/@wing instructions, s€archIng 2x'stirg 3ata sources,
gathering and maintaining the data needed, and completing and reviewing the ccllection of information. Send comments re
collection of information, including suggestions for reducing this burden, to Washington Headquarters Services, Directorate
Davrs Mighway, Suite 1204, Arlington, VA 222024302, and to the Office of Management and Budget. Paper~ori Reduction Project (0704-0188) Washington, 5C 20503

§araing this burden estimate or any sther aspect of this
ol

r ‘nformation Operations and Reports, 1215 Jetferson

1. AGENCY USE ONLY (Leave blank) 2. REPORT DATE
September 1994

Final

3. REPORT TYPE AND DATES COVERED

4. TITLE AND SUBTITLE
FAILURE ANALYSIS OF 120-MM M256 GUN TUBE,
SERIAL NO. 2416

5. FUNDING NUMBERS
AMCMS No. 6126.24.H180.0

6. AUTHOR(S)
Kathryn E. Noll and John R. Senick, Jr.

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)
U.S. Army ARDEC

Benet Laboratories, SMCAR-CCB-TL

Watervliet, NY 121894050

8. PERFORMING ORGANIZATION
REPORT NUMBER

ARCCB-TR-94035

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES)

U.S. Army ARDEC
Close Combat Armaments Center
Picatinny Arsenal, NJ 07806-5000

10. SPONSORING / MONITORING
AGENCY REPORT NUMBER

11. SUPPLEMENTARY NOTES

12a. DISTRIBUTION / AVAILABILITY STATEMENT

September 1994. Other requests for this document must be referred to

Benet Laboratories, SMCAR-CCB-SE, Watervliet, NY 12189-4050.

Distribution limited to Department of Defense only because of premature dissemination;

Commander,

U.S. Army Armament Research, Development, and Engineering Center, ATTN:

12b. DISTRIBUTION CODE

13. ABSTRACT (Maximum 200 words)

the failure was a bore obstruction that was present during firing.
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In the Denver D-1000-A single-exposure position-sensitive scintillation detection (PSSD) system, surface residual stress
measurement in any chosen direction is based on crystalline plane spacings determined in two directions normal to the surface
made simultaneously in a single psi tilt. This technical allows fast, noncontacting, and nondestructive biaxial stress analysis.
In this report, system performance is characterized by studying the noise, gain, and diffraction peak profiles as a function of
diode array element. A four-point bend experiment was performed to determine the elastic constant of the 211 plane of body-
centered cubic martensitic steel. Residual stress measurements were performed in several steel specimens and compared to
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Two increasingly important issues for the chemical processing industry are product quality and productivity. Traditionally, offline chemical
analysis has been used to monitor both. The main disadvantage of offline analysis is the loss of time due to sampling, bringing samples
to a lab, and waiting for results. Obvious efficiencies can be realized by continuous online chemical monitoring. The initial investment
is high, but the retum on investment can be very efficient process performance. X-ray fluorescence spectroscopy (online and offline) is
investigated and evaluated as a means to quantitatively analyze metal finishing solutions such as actual chromium plating and electroplating
solutions for chromium, sulfur, phosphorus, and iron. The identical experiment was conducted at three different manufacturers of this type
of instrument, and included calibration, standardization, and analysis. Although this work has a specific objective related to chromium
plating and electropolishing liquid samples, much information is related to and provided for other types of samples. Chemical analysis
by x-ray fluorescence spectroscopy is nondestructive, applicable to multiple process streams (liquid or solid), and requires no dilutions.
In addition, calibration, standardization, and maintenance are minimal. For the specific metal finishing applications discussed, the resultant
data do not suggest that this online monitoring technique is useful at this time, but future work may show this technique to be practical.
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A fracture mechanics-based fatigue life analysis was developed for pressurized thick-walled cylinders auto&ettaged by overstrain
and with one or several semi-elliptical-shaped axial grooves at the inner diameter. The fatigue life for a crack initiating at the
root of the groove was calculated for various cylinder, groove, and crack configurations and for different material yielding
conditions. Comparisons were made with fatigue crack growth and laboratory life results from A723 thick-walled cylinders in
which cannon firing tests were first performed to produce axial erosion grooves, followed by cyclic hydraulic pressurization to
failure in the laboratory. The life analysis, with an initial crack size based on the expected pre-existing defects, gave a good
description of the crack growth and fatigue life of the tests for cylinders with and without grooves. General fatigue life
calculations summarized important and configurational effects on the fatigue life design of overstrained cylinders, including
effects of material yield strength, cylinder diameter ratio, stress concentration factor, and initial crack size.
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This report describes the sensor technology and associated electronics of a monitor designed to detect the onset of & seizure disorder called
status epilepticus. It is a condition that affects approximately 3 to 5 percent of those individuals suffering from epilepsy. This form of
epilepsy does not follow the typical cycle of start-peak-end. The convulsions continue until medically interrupted and ere life-threatening.
The mortality rate is high without prompt medical treatment at & suitable facility. The report describes the details of a monitor design that
provides an inexpensive solution to the needs of those responsible for the care of individuals afflicted with this disorder. The monitor has
been designed as a cooperative research and development effort involving the United States Army Armament Research, Development, and
Engineering Center's Benet Laboratories (Benet) and the Cerebral Palsy Center for the Disabled (Center), in association with the
Department of Neurology at Albany Medical College (AMC). Benet has delivered a working prototype of the device for field testing, in
collaboration with AMC. The Center has identified several children in need of special monitoring and has agreed to pursue
commercialization of the device.
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An analysis is made of the meaning of the symbolically represented characteristics defined in certain dimensioning and tolerancing
standards, autharized for use by the Department of Defense and the U.S. Army in the preparation of engineering drawings. The analysis
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A fracture mechanics analysis was conducted to determine the condemnation life assessment of the 155-mm M284 muzzle brake. The
original assessment was found to be too conservative for a proper evaluation of fatigue life, based on a low estimate of fracture toughness
derived from previous muzzie brake material. The updated analysis proved to be very accurate in predicting safe fatigue life and
replacement of the muzzle brake after every second gun tube change, thereby saving considerably on muzzle brake replacement.
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A materials characterization was performed on hard chromium (HC) and low contraction (LC) chromium. The samples utilized in our
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